The urban area should be imaged in three-dimensional (3D) for planning, inspection and management. In addition fast urbanisation requires detection the urban area changes which have been occurred with new buildings, additional floor to current buildings and excavations. 3D surface model of urban area enables to extracting high information from them. On the other hand high density spatial data should be measured to creating 3D digital terrain surface model. The dense image matching method makes 3D measurement with high density from the images in a short time. The aim of this study is detection the urban area changes via comparison of time series point cloud data from historical stereoscopic aerial images. The changes were detected with the difference of these digital elevation models. The study area was selected from Konya city in Turkey, and it has a large number of new buildings and changes in topography. Dense point cloud data were created from historical aerial images belong to years of 1951, 1975 and 2010. Every threedimensional point cloud data were registered to global georeferenced coordinate system with ground control points created from the imaged objects such as building corner, fence, wall and etc. Then urban changes were detected with comparing the dense point cloud data by exploiting the iterative closest point (ICP) algorithm. Consequently, the urban changes were detected from point to surface distances between image based point clouds.
INTRODUCTION
Three-dimensional (3D) point cloud creation gets standard method for measurement, 3D modelling and shape visualization. 3D point cloud data enables to acquiring high information from the measurement area. Digital elevation model, perspective image, cross section and other geometric information related to the measurement area can be extracted from the point cloud. Moreover, point cloud data can be imaged in different mode. 3D point cloud is obtained from aerial and terrestrial LIDAR, mobile LIDAR, SAR measurement, range camera, dense image matching and other 3D measurement techniques.
The photogrammetric measurement technique has been changed by the time with cooperation to scientific developments. Today spatial data measurement from stereoscopic images can be performed automatically. Furthermore high density spatial data can be created from stereoscopic images with this procedure in a short time. This accomplishment on the process creates opportunity to use the photogrammetry in a wide variety of applications. The images from aerial and unmanned aerial vehicles or terrestrial cameras can be used to creating point cloud data. Furthermore mobile phone images are also used to creating point cloud data. Harvin and Lucier (2012) investigated the accuracy of dense point cloud by comparing ground control point (GCP) coordinates with the check point coordinates measured based on traditional terrestrial method. The GCP positions had been estimated with 2-3cm accuracy from the images taken forty meters height. Barazzetti et al (2010) used to dense image matching for creating three dimensional model of cultural objects and buildings. In another study, canopy heights were estimated from digital surface model generated via dense point cloud from images of unmanned aerial vehicle (Jensen and Mathews, 2016) . Building change detection was also detected from historical aerial photographs by creating dense point clouds. The combination of image-based dense digital surface model reconstruction from historical aerial imagery with object-based image analysis was used for the detection of individual buildings and the subsequent analysis of settlement change (Nebiker et al., 2014) . The other study introduced building change detection comparing old dense point cloud and new LIDAR images (Du et al., 2016) .
The change detection by comparing two point clouds is performed with point to mesh (triangle) distances (Xiao et al., 2015; Awrangjeb et al., 2015; Barnhart and Crosby, 2013) , filtering (k-d tree, voxel, regular grid, etc.) (Scaioni et al., 2013) , machine learning (Tran et al., 2018) and iterative closest point (ICP) algorithm (Zhang et al., 2015) . Point to triangle method tackles irregular point density and occlusion problems, also eliminates false detections on penetrable objects. Urban object changes are automatically detected at point level in complex street environments. The limitation of the method is that objects replaced by another can not be detected. Small changes in short time period and big changes in large time periods data can be detected with point to triangle method (Xiao et al., 2015; Barnhart and Crosby, 2013) . The measurement data are resampled as regular grid to analyse the change with the grid method. The grid anomalies have been compared to detect the changes in time series measurement data (Scaioni et al., 2013) . Tran et al (2018) exploited machine learning technique to object classification and change detection in 3D data. The study area was defined in eight classes, and the final result was achieved an overall accuracy of over 90% for both epochs of eight classes. In addition, the ICP (Chen and Medioni, 1992) and its variants had been used for change detection in many studies. The changes bring on earthquake had been detected from two time series LIDAR point cloud by using anisotropic-weighted ICP. The registration of two LIDAR data sets had been accomplished with 0.44 meters error using the ICP variant (Zhang et al., 2015) . More information about change detection approaches can be found on Tran et al (2018) .
In this study changes in urban area of Konya city were estimated by using dense point cloud data created from time series aerial images. The changes are in vertical direction and it was detected by comparing the created three dimensional point clouds using ICP algorithm. Hereby unauthorized constructions and excavations can be detected by the authorities with comparison of time period data.
DATA and METHOD
The study area was selected from centre of Konya city in Turkey ( Dense point cloud data were created without camera calibration parameters. Thanks to its easy application, dense point cloud creation from stereoscopic images is used in a wide variety of applications that require 3D spatial data. All amateur camera images can be used to creating a dense point cloud by using structure from motion (SfM) photogrammetry. Furthermore, mobile phones and other sources of imagery can also be used for this purpose.
The created dense point clouds were registered to geodetic coordinate frame. Since there were not any GCP, that have specific shapes and coordinates, signalized on the ground before taken the images, significant object details such as building corner, garden wall, road intersections, fences and etc. were used as GCPs (Figure 2 ). Therefore set up the GCPs is very hard especially for old date images. The founded control points should be selected from aerial images of old date and already present on the ground. Nevertheless we could establish enough GCPs for the registration. The study area of Konya where is the capital of Seljuk Empire in history has many historical buildings such as caravansary, madrassah, mosque and etc. These structures were helped to establishing the GCPs. The coordinates of GCPs were measured with GPS technique based on CORS-TR network. The GPS measurements have ellipsoidal heights (h). The orthometric heights (H) of the GCPs were estimated with online calculations based on EGM08 geoid model (url-1). 
Point Cloud Creation and Registration
Dense point cloud creation procedure uses a technique referred to as SfM to resolve feature positions within a defined coordinate system of stereoscopic images. SfM refers to a set of algorithms that includes the automatic detection and matching of features across multiple images. The camera parameters, image positions and 3D geometry of a scene are automatically determined by an iterative bundle adjustment (Peterson et al., 2015) . The SfM procedure in photogrammetry is called many different names such as multi-view photogrammetry, dense point cloud extraction, and dense image matching. Most SfM software is able to calibrate a camera and create a 3D point cloud. Hence, this procedure does not require the camera to be
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2, 2018 ISPRS TC II Mid-term Symposium "Towards Photogrammetry 2020", 4-7 June 2018, Riva del Garda, Italy pre-calibrated. Otherwise, pre-calibration of the camera was performed with a calibration sheet or grid area, which has known control points. Then the calibration parameters are estimated with an iterative bundle adjustment of the sheet or grid images taken from different perspectives.
The matching results are generally sparse point clouds, which are then used as seeds to grow additional matches. Then dense point cloud is generated with creating the coordinates for every matched point from all of the conjugated images. Currently, all available algorithms focus on dense reconstructions using stereo or other multi-view approaches. In this study, the image orientation and point cloud creation were executed by Photoscan (Agisoft, 2017) The registration of point clouds to geodetic frame was performed with measured object based GCPs. The selection of GCPs from two images is very hard due to image resolution and shadow effects. Whereas it can be selected easily from one of the images, its selection can be very hard from the other image. Nevertheless the registration could be done with enough number and uniform distributed GCPs (Figure 3 ). The registration accuracy was evaluated by root-mean square error (RMSE) of the residuals on the GCPs (Table 3 ). The overall RMSE in XY and XYZ space was acquired by Equation 1 and Equation 2.
where subscript s and r are show the coordinates measured geospatial and transformed on the aerial photo of the same point respectively. n is number of GCPs. 
Change Detection
The study area was selected from common region of three time series point cloud data (Figure 4 ). It has 2.25 square kilometres
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2, 2018 ISPRS TC II Mid-term Symposium "Towards Photogrammetry 2020", 4-7 June 2018, Riva del Garda, Italy with 1.5kmx1.5km dimensions. The oldest date of the point clouds was selected as a reference and the other two point clouds were compared to its coordinate frame with ICP algorithm. The ICP uses closest point set to estimate registration parameters between the point cloud data set. The point clouds of the date 1975 and 2010 were registered into reference point cloud of the date 1951 (Table 4) . The changes are estimated with distances between target points (date 1975 and 2010) to reference points (date 1951) or surface (triangle). The changes (or differences) between two point cloud data sets were estimated with distances from point to surface in this study. Before detection the changes, the each point cloud of selected area was interpolated to getting uniform space point data.
Interpolation step was selected 0.50m that compatible with average point spaces of the created dense point clouds (Table  2) 
DISCUSSION
The registration accuracy of point cloud is related with the number, distribution and type of the GCPs. The registration was done with enough number and uniform distributed GCPs. The accuracy is compatible with the point density. The residuals on the GCP are between 0.32-1.59 meters for XY coordinates and 1.62-3.67 meters for Z coordinates. The big residuals on Z coordinates are expected results because natural ground level had been changed with filling materials in urban area. Base/height ration of the stereoscopic images also effect the registration accuracy. The base/height ratio is 0.38, 0.22 and 0.19 from old to close date stereoscopic images respectively. Owing to the fact that the images had been matched with the large number of conjugate keypoints, the relative orientation was performed with high level accuracy. Many similar studies had been performed with the same level accuracy for the registration (Nebiker et al., 2014; Hughes et al., 2006) . In addition, reprojection errors on the GCPs are one pixel level after the registration. On the one hand the residuals have not significant effect on the scale of point cloud. The estimation of urban changes do not affected from these small residuals of georeferencing since the change detection in this method is based on relative comparison of the point clouds.
The point clouds of date 1975 and 2010 were registered into the reference point cloud of date 1951 with one meter standard deviations. After the registration, the mean distances between the point clouds in these registrations are close to zero (Table  4) .
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2, 2018 ISPRS TC II Mid-term Symposium "Towards Photogrammetry 2020", 4-7 June 2018, Riva del Garda, Italy
The expected changes in the study area are in positive directions, and the estimated changes verify this expectation. The changes in below direction are in slight area, where they were resulted from demolished buildings ( Figure 5 ). 
CONCLUSION
Dense point cloud from structure from motion photogrammetry has a large variety of application areas. In this study urban area changes were detected by using dense point cloud created from historical aerial images. The point clouds were compared by registering with ICP algorithm. The point to surface distances indicated the changes between the point clouds belong two dates. The method is practical way to detecting the changes in urban area. Moreover grooving technology of unmanned aerial vehicle can be used for imaging and change detection with short time interval in urban areas. The accurate and up-to-date change detection offers decision making efficiently to the authorities for planning and administrating. 
